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Frequency Tracking Loop and Method of Frequency Tracking 




Technical Field 

5 The present invention reflates to the field of radio communication systems. 
Particularly, but not excusiveiy, this invention relates to radio receivers for 
mobile digital radio communication systems. 



Background 



10 Mobile radio communications systems generally comprise a number of mobile 
or portable radio units. The radio units in a public- or private mobile radio 
communications system are often referred to as 'mobile stations'. The radio 
communication system's infrastructure comprises fixed nodes, termed 'base 
stations', through which mobile stations can communicate. 

15 

Normally, a mobile station is within communication range of a base station. In 
this case f the mobile station will communicate through the base station, this 
mode of operation typically being termed 'trunked mode*. However, some 
mobile radio communication systems allow an individual mobile station to set up 
20 a direct radio link to another mobile station, without the communication link 
passing through the infrastructure of the communication system. This form of 
communication between two mobile stations is referred to as 'direct mode' 
operation. 

25 Mobile stations operating in direct mode have to receive radio signals that 

typically show greater variation in their parameters than radio signals received 
from the infrastructure of the communications system. This is because of 
differences in the signals transmitted from a mobile station in comparison to 
those from a base station of the infrastructure. As an example, the lower quality 

30 clock of a mobile station may cause greater variation in the carrier frequency of 
the signal broadcast by the mobile station in comparison to that from a base 
station. 
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The information carried by any digital communications system can only be 
recovered after the receiver has first synchronised to the received signal. The 
high frequency signal reaching the receiver will be at a frequency that depends 
5 on the frequency of an oscillator in the transmitter. A further oscillator in the^ 
receiver is used to down-convert the high frequency received signal. Because 
the oscillators in the transmitter and the receiver do not work at precisely the 
same frequency, the down-converted signal in the receiver has a slightly 
different frequency than that which would arise if the two oscillators had 
10 identical frequencies. This mismatch is part of the reason why a synchronisation 
circuit is needed in the receiver, to 'compensate' for the down-converted signal 
not having its ideal, theoretical frequency value. The mismatch will typically vary 
with time. 

15 Thtis there is a need in a mobile digitalwradio system for synchronisation in the 
radio- receixrer. Th'e stat«* where synch ronisatipn-b^tween^the^eceiver^and the 
receivedisignal has-been att3ined?is Apft^u refehred^tOf simply as>lbel<% The need 
for accurate synch ronisatidmiis particuJanly^great foMir;©<5tt:mode^operation of 
mobile stations; because of the greater variation»in4he^parametens of the 

20 received radio signals. This-appliesf both to: 

(i) achieving synchronisation when a call is first set up; and 

(ii) maintaining synchronisation during a call. 

In the Terrestrial Trunketd radio system (TETRA), direct mode operation is 
25 permitted. A direct mode call is set up by sending two frames (8 slots) of 

synchronisation bursts, which last for 113 msec. In terms of the requirements on 
the automatic frequency correction (AFC) algorithm in the receiving radio, the 
radiomeeds to synchronise to these bursts, in order to starfedeeoding data as 
quickly as-possible^Aft€?r synchronisation at Gall set-up ^therreeeiver must then 
30 maintain synchronisation for the duration of*the*call. Thistfreqenres the receiver 
to follow variations in tha frequency of the received signal. This action of 
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following is often referred to as bracking'. The part of the receiver which carries 
this out is the 'tracking loop 1 . 

The synchronisation bursts are an example of a training sequence 1 . A training 
5 sequence' is a sequence of symbols in a communications signal which are 
known to both the transmitter and the receiver. 

Figure 1 shows a prior art arrangement of a frequency tracking loop 10. This is 
a "feedback tracking loop. Figure 1 shows a generalised arrangement in order 
10 to explain the principle of operation of a frequency tracking loop. 



Briefly, the elements shown in figure 1 are: 

(i) A mixer 22. One input to the mixer, element 20, provides the radio signal 
received by the receiver, which may have been 'down-converted' to 

15 intermediate frequency. This down-converted signal is the 'input* to the 

frequency tracking loop The oscillator used to down-convert the received high 
frequency signal to intennediate frequency is not shown in figure 1. It is 
however this oscillator which is partly responsible for frequency variations in the 
input signal. The output of the mixer is provided on output 24. 

20 (ii) A 'data matched' filter 26. The filter is matched to the pulse shape of the 
received signal. This means that it is designed to filter pulses of the shape 
transmitted by the transmitter of the radio system. 

(iii) A decimation circuit 30. The decimation circuit 30 reduces the number of 
samples supplied to it from the filter 26. Decimation circuit 30 reduces the 

25 number of samples to one per received pulse. This is enough to identify each 
received pulse. 

(iv) A Viterbi & Viterbi Frequency estimator 34. This is a known circuit element, 
which implements a known method of measuring frequency offset. Estimator 34 
uses the training sequences in making the estimate of frequency offset. Other 

30 prior art arrangements are however known which do not rely on the training 
sequences to achieve this. 

(v) A complex phase determining and scaling circuit 38. 
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(vi) A loop filter 42. 

(vii) An oscillator 46. The output of oscillator 46 is fed back on output 48 to 
provide^ttoe* second input to mixer 22. 

5 The purpose of the circuit shown in figure 1 is to 'track* variatierns*im the- 

frequency of the input signal. Elements (ii)-(vi) drive oscillator 46-to generate a 
signal which matches the frequency of the input signal. As there is a time delay 
in the oscillator generating a signal that has the same frequency as the input to 
the frequency tracking loop, the 'following* action provided by the whole 
10 frequency tracking loop is not instantaneous. 



In operation of the feedback tracking loop, the frequency estimator 34 and 
phase and scaling block 38 give an estimate of the frequency offset from the 
current input. This estimate will be noisy* 

15 

The^noisy^estirflatesMarc tilteri42t^/hia:bareduces the 

noise*and defines the*transient responseNOf*the4requency^tracking Loop 1 0. 

The*bandwidth chosen, for ths loop filfer 42 is a ©ompromise*foetweem two 
20 requirements. One of these is the requirement to reject noise. This dictates that 
the loop filter 42 have a narrow bandwidth. The other requirement is that the 
frequency tracking loop 10 be able to track a changing input frequency. This 
dictates that the loop filter 42 have a wide bandwidth. Clearly these 
requirements set conflicting conditions on the loop filter 42. 

25 

Frequency tracking loops of the prior art are known, which switch the bandwidth 
of the tracking filter during acquisition of a signal. A wide bandwidth is used to 
acquire the signal, and 1he bandwidth of the loop filter is narrowed-during 
tracking. 

30 

Frequency tracking loops are also known in the prior art which adapt the loop 
filter bandwidth in dependence on the size of the estimate of frequency. 
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5 

However, adaptation of the loop is based on the measurement of the error 
between the currently received and currently generated frequencies. This 
measurement itself may be in error and can lead to an adaptation that 
suppresses the wanted signal. 

5 

A need exists to alleviate problems of the arrangements known from the prior 
art. One particular problem addressed by the present invention is to provide 
optimum frequency tracking in a feedback tracking loop. 

10 Summary of the Invention 

The invention comprises a frequency tracking loop for a digital radio 
communications system. The frequency tracking loop comprises: 

(i) a means for correcting frequency offset, the means for correcting frequency 
15 offset receiving an inpul radio signal comprising bursts of known data at a first 

input, and supplying an output signal; 

(ii) a frequency offset estimator, supplied with the output signal from the means 
for correcting frequency offset, for providing an estimate of the frequency offset 
of the output signal; 

20 (iii) a variable bandwidth filter, supplied with the estimate of the frequency offset 
from the frequency offset estimator, for providing a filtered signal; 
(iv) a signal generating means, supplied with the filtered signal from the variable 
bandwidth filter, for generating an output signal with a frequency dependent on 
the filtered signal, the output signal from the signal generating means being 

25 supplied to a second input of the means for correcting frequency offset, 

wherein the frequency tracking loop is adapted to change the bandwidth of the 
variable bandwidth filter in dependence on at least one characteristic of the 
currently received burst of known data. 



The frequency tracking loop may be adapted to change the bandwidth of the 
variable bandwidth filter in dependence on the length of the currently received 
burst of known data. 
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The invention also extends to a digital radio communications receiver which 
comprises a frequency tracking loop in accordance with the invention, and a 
mobile- or^a portable radio, or a mobile telepfcione^comprisimg^uGh^a receiver. 

5 

The invention also comprises a method of frequency traekimgtfor a digital radio 
communications system. The method of frequency tracking comprises: 
(i) in a means for correcting frequency offset, receiving an input radio signal 
comprising bursts of known data; 
10 (ii) estimating the frequency offset of the output signal from the means for 
correcting frequency offset, to provide an estimate of frequency offset; 
(iii) filtering the estimate of frequency offset with a variable filtering bandwidth, to 
provide a filtered signal; 

(iv> generating a signal having a frequency dependent on the-filte red signal, to 
1 5 pro\flde*a generated-sigmal ; , 

(v)* correcting the frequency of the inpjai radiosigpal in the ijieans'-for correcting 
frequjitflcy off^ 

wherein the»variable4ilt^ of 
the currently received burst *of known data. 

20 

The method of frequency tracking may further comprise changing the bandwidth 
of the variable bandwidth filtering in dependence on the length of the currently 
received burst of known data. 

25 The invention provides an adaptive frequency tracking loop and method of 
frequency tracking, which have optimised frequency tracking. This tracking 
provides rapid and precise automatic frequency control within the feedback 
traeking loop* in response to changes in the input frequencyyto^the loop. The 
adaptive loop^has better performance*tham convemtionatatectomiques^The 

30 ; frequency tracking loop has a better* ehamee>thanr>pf i©r »aFtasiR3i!iits of # maintaining 
lock when* the signal level is low. 
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The invention is particularly advantageous for a digital radio communications 
receiver operating in direct mode. 

E lrlef description of the drawings 

5 

Figure 1 illustrates a pr or art frequency tracking loop. 

Figure 2 illustrates in detail one embodiment of a frequency tracking loop in 
accordance with the invention. 

10 

Figure 3 illustrates one embodiment of a method of frequency tracking in 
accordance with the invention, in the form of a flow chart. 



Detailed description of the preferred embodiment 

15 

Figure 2 illustrates one embodiment of a frequency tracking loop in accordance 
with the invention. The frequency tracking loop of figure 2 is an adaptive loop. 

The circuit of figure 2 is a frequency tracking loop 1 00 for a digital radio 
communications system. The input to the frequency tracking loop is a received 
radio signal. The signal input to the frequency tracking loop may have been 
20 converted into an intermediate frequency signal and then to base-band prior to 
reaching frequency tracking loop 100. Alternatively, the input signal may have 
been directly converted from high frequency down to base-band in a direct 
converter. The input radio signal comprises bursts of known data. In a TETRA or 
GSM signal, these bursts of known data are the training sequences. 

25 

The received radio signal is supplied to the first input 120 of a mixer 122 in the 
embodiment of figure 2, However, other means for correcting frequency offset, 
such as for example a complex multiplier, could be used here. Mixer 122 
supplies an output signal on output 124. 



30 
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The signal on output 1 24 is fed to matched filter 1 26, and then to a decimation 
circuit 130. 

After^deeimatioRi^the^sigimal may*be fed to circuit element 1 54**Elememt 1 54 
5 serves to extract the training sequences from the*signal^These*training- 

sequences are used by element 134, a Viterbi & Viterbi Frequency estimator. 
Frequency estimator 134 provides an estimate of the frequency offset of the 
output signal from the mixer. An element corresponding to element 154 may also 
be used in the prior art arrangement of figure 1 , but was not shown there for 
10 reasons of clarity of illustration. 
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The estimate of the frequency offset is fed to a complex phase and scale circuit 
138, and then to a variable bandwidth filter 142. The variable bandwidth fflter 142 
provides a filtered signal on output 144. 

15 

The^filtered^sign^ fed to an osciHator^l 46. Typicaily v x>scillator 

146 is a^ltag^sorjrtrolle^ signaLgernerating^neans that 

is suitable for generating *an output signaLwith^a frequency that depends on the 
filtered signal couldvbe used here. 

20 

The output signal from oscillator 146 is supplied to a second input 148 of the 
mixer 122. This enables; mixer 122 to correct the frequency of the input signal on 
input 120. 

25 The frequency tracking loop of the invention is adapted to change the bandwidth 
of the variable bandwidth filter 142 in dependence on at least one characteristic 
of the currently received burst of known data. In accordance with the invention, 
the*f requency traeking*lp©p automatieally*adapts*the*bandwidth*of 4he*loop filter 
142, Therefore*the*frequeney tracking loop-is 4adaptive& 

30 

In the particular arrangement shown in figure 2, means 1 50 provide symbol and 
frame timing information to the whole frequency tracking loop 100. In accordance 
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with the invention, means 150 determines the type of burst of known data 
received in a slot of the input radio signal. Means 150 can then supply a signal to 
the variable bandwidth filter 142 identifying the type of burst of known data. The 
type of burst indicates how many a priori known data symbols are contained 
5 within the burst. This information allows adjustment of the bandwidth of the 

variable bandwidth loop filter on the basis of the length of known data within the 
received burst. 

The effect of varying the bandwidth of variable bandwidth filter 142 in 
10 accordance with the invention can be understood by considering the operation of 
frequency estimator 134. As explained in connection with figure 1 f the frequency 
estimator 34, 134 in the frequency tracking loop derives an estimate of the 
frequency of the signal output by the mixer. The frequency estimator 1 34 in the 
arrangement of figure 2 uses the training sequences to make this estimate. 

15 

The signal to noise ratio of the frequency estimate provided by frequency 
estimator 134 is approximately proportional to the number of known symbols 
used to derive the estimate. Therefore the bandwidth of the variable bandwidth 
loop filter can be optimised to the signal to noise ratio of the output signal from 
20 the frequency estimator 1 34 by changing the bandwidth in dependence on the 
number of symbols in the received known data sequence. As explained in detail 
below, the TETRA and GSM systems use training sequences whose type 
indicates the number of symbols which they contain. 

25 Various detailed arrangements of the invention satisfy the underlying principle of 
the invention. The invention may be arranged with a frequency tracking loop that 
is adapted to provide a variable bandwidth filter with a relatively wide bandwidth 
on receiving a long burs;t of known data, and a relatively narrow bandwidth on 
receiving a short burst of known data. The bandwidth may be made proportional 

30 to the length of the currently received burst of known data. 
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The function of circuit element 150 is now considered. A receiver of digital data 
normally has circuitry for recovering the symbols and frames of the received 
signal. This circuitry provides symbol and frame timing informatipn to the 
receiver* In factMhe4raining sequencesdn-the received sigmaUare normally used 

5 to facilifate4his recovery* Typically, the bits oMhe known«traimimgesequenoe are 
compared in a correlator with each successive group of bits otohe*received radio 
signal. When the correlation is a maximum, this indicates that the group of bits of 
the received signal corresponds to the training sequence. Since the receiver 
knows where in a frame of data the training sequences are located, this 

10 correlation technique provides the required information about the start and finish 
of the frame, and hence the frame timing. In making the correlation 
determination, the correlator clearly also identifies which type of training 
sequence is contained in the received radio signal. Therefore element 150 can 
provide*both« information about the timing of the* training; sequences to element 

15 134 in figure 2,;and information about the-specific type of training sequence 
received; to variabl^fe)a^idwidth>filter 1 42.; ; 

Although figure 2 shows a«specific arrangement fo^implememtirtg the teaching of 
the present invention^ the invention is of wider scope*than this single . 

20 embodiment. In the arrangement shown in figure 2, means 1 50^ supplies 

information about the type of burst to the loop filter 142. However, means 150 
may simply determine the number of symbols making up the burst of known 
data. Means 150 could then supply this information to the variable bandwidth 
filter 142. Alternatively, means 150 could supply a control signal to the variable 

25 bandwidth filter, setting the bandwidth of the filter in dependence on the number 
of known symbols contained within the burst. The number of symbols and their 
location is defined by the type of burst, which is determined by identifying the 
training*sequenee,: 

30 GSM^nd^TETRA radio systems are now considered, in*order*to provide r 
numerical*exarnple of a practical implementation of the invention. Both GSM 
mobile telephone systems and TETRA radio systems employ training 
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sequences. Motorola's TETRA compliant radio system is the 'Dimetra' system. 
When Dimetra subscribers operate in direct mode, the automatic frequency 
control loop derives its estimate of frequency offset from the training sequences 
in the received bursts. 

5 

TETRA direct mode communication uses two types of training sequence, i.e. 
bursts of known data, during a call. These are the 'synchronisation burst (DSB) 
and the 'normal burst (DNB). 

10 For the DSB burst, the known training sequences are a 6 symbol preamble, a 19 
symbol training sequence and a 40 symbol frequency correction sequence. The 
data burst therefore comprises a total of 65 symbols. 

For the DNB burst, the known training sequences are a 6 symbol preamble and 
15 an 1 1 symbol training sequence. The data burst therefore comprises a total of 17 
symbols. 

Therefore we can expect estimates derived from the DSB bursts to have an 
average signal to noise ratio 65/17 times better than the estimates derived from 
20 the DNB bursts. 

In the particular example of a TETRA system, the inventive frequency tracking 
loop can adjust the bandwidth of the loop filter in dependence on whether either 
a DSB or a DNB has been received. 

25 

When a DSB has been received, the loop bandwidth can be made wider than for 
a DNB, for example 65/17 times wider. The noise performance of the loop will 
not suffer significantly, but its.ability to track changing frequencies will be 
enhanced. 

30 

The arrangement of the invention is valid for other lengths of data burst than the 
example of DSB and DNB data bursts explained here. 
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This example provided a bandwidth for the variable frequency filter which was 
65/17 times wider in the case of a DSB burst than a DNB burst. However, the 
invention extends to other tracking loops, particularly those with a filter 
bandwidth for a larger*burst*thatis greater then*the bandwidth*for*a smaller burst 
5 by a facto^equal to the ratio of the .number of symbols^in two*diffefenfr types of 
known data burst: 



Yhe frequency tracking loop may advantageously be used in a receiver for a 
digital radio communications system. The receiver incorporating the frequency 
10 tracking loop of the invention may be employed in a mobile- or a portable radio, 
or a mobile telephone. 

Figure 3 shows a method of frequency tracking in accordance with the invention, 
in the form of a flow-ehant»300. 

15 

The .method of frequency tracking otfigyra3 foca digital radiotqommunications 
system*eomprises steps* 31 0-350.^ 

In step 31 0, a means for , correcting frequencyoffset receives*an input radio 
20 signal comprising^bursta of known data^ These bursts^of known data are typically 
the TETRA training sequences explained above. The means for correcting 
frequency offset may comprise, for example, a mixer or a complex multiplier. 

Step 320 of the method comprises estimating the frequency offset of the output 
25 signal from the means for correcting frequency offset. This step provides an 
estimate of frequency offset of the received radio signal. 

I n step*33@!£the> estimate of f requeney^offsefcis -filtered witto*a-var iabletf iltering 
bamdwidthfto provide a f iitered?sigiiialrfhe^variable filtering* bamdwidth*tused 
30 dependsr*©n*at least one* chara©ter;istie*of the^currently * received*biiirst ot known 
data: 
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Step 340 comprises generating a signal having a frequency dependent on the 
filtered signal from step 330, to provide a generated signal. Typically, an 
oscillator may generate this signal. 

5 Step 350 comprises correcting the frequency of the input radio signal in the 
means for correcting frequency offset, using the signal generated in step 340. 

Although step 350 is shown separately from step 310 in figure 3, these steps are 
both performed in the mixer. See element 122 of figure 2, Once a first estimate 
10 of the frequency offset has been found therefore, step 350 can be considered to 
link back into step 310. This is not illustrated in figure 3 for simplicity. 

In further preferred embodiments of the method of the invention, step 330 may 
further comprise changing the bandwidth of the variable bandwidth filtering in 

15 dependence on the length of the currently received burst of known data. The 

change of bandwidth may be such as to provide variable bandwidth filtering with 
a relatively wide bandwidth on receiving a long burst of known data, and 
providing variable bandwidth filtering with a relatively narrow bandwidth on 
receiving a short burst of known data. The bandwidth of the variable bandwidth 

20 filter may be made proportional to the length of the currently received burst of 
known data. 

The frequency tracking loops and methods of the prior art do not make use of 
the expected signal to noise ratio of the individual estimates of frequency offset, 
25 based upon the type of input data burst, to adapt the bandwidth of the loop filter. 
Thus these prior art arrangements do not have the advantage of the invention, 
that the tracking performance is improved without impacting on robustness to 
noise. 



kU ut-33 , tO-UL 
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Claims 



1 . A frequency tracking loop for a digital radio communications system, the 
frequency traeking*lpop comprising: 

5 (i) a means for correctirng^requency offset, the means-for correcting** requemcy 
offset^receiving an inpul> radio signal comprising bursts of known^data at a first 
input, and supplying an output signal; 

(ii) a frequency offset estimator, supplied with the output signal from the means 
for correcting frequency offset, for providing an estimate of the frequency offset 

10 of the output signal; 

(iii) a variable bandwidth filter, supplied with the estimate of the frequency offset 
from the frequency offset estimator, for providing a filtered signal; 

(iv) a signal generating means, supplied with the filtered signal from the variable 
bandwidth filter, for generating anvoutput*sigflaLwith a frequency dependent on 

1 5 the filtered signal, the output signal from*thiB*sjgnal *generatimg*ipneans*being 
su Rf^3 to^a se^ndtinput of the*ipea^tpr 

wheriein^ of the 

variabjje»bandwidtfiilfilter-!n dependejsiceionratileast^^ 
currently^received burst^of known data» 

20 

2. A frequency tracking loop in accordance with claim 1 , 

wherein the means for correcting frequency offset comprise a mixer or a complex 
multiplier, and the signal generating means comprise an oscillator. 

25 3. A frequency tracking loop in accordance with claim 1 or claim 2, 

wherein the frequency tracking loop is adapted to change the bandwidth of the 
variable bandwidth filter in dependence on the length of the currently received 
burst«0f^known*data- 

30m 4. A frequency traeking- loop-in aecordamce with^aRy-previGusv ciaimr 

wherein^the^frequency tracking loop is adapted to provide the variable bandwidth 
filter with a relatively wide bandwidth on receiving a long burst of known data, 
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and to provide the variable bandwidth filter with a relatively narrow bandwidth on 
receiving a short burst of known data. 

5. A frequency tracking loop in accordance with any previous claim, 
5 wherein the frequency tracking loop is adapted to provide the variable bandwidth 
filter with a bandwidth proportional to the length of the currently received burst of 
known data. 



6. A frequency tracking loop in accordance with any previous claim, 

10 wherein the bursts of known data comprise one or more synchronisation bursts 
and one or more normal bursts, the frequency tracking loop being adapted to 
provide the variable bandwidth filter with a larger bandwidth for the 
synchronisation burst than for the normal burst, the bandwidth for the 
synchronisation burst being larger than that for the normal burst by a factor equal 

15 to the ratio of the number of symbols in the synchronisation and normal bursts. 

7. A frequency tracking loop in accordance with claim 1 or claim 2, 
further comprising means for: 

(i) determining the type of burst of known data received in a slot of the input 
20 radio signal; and 

(ii) supplying a signal to the variable bandwidth filter identifying the type of burst 
of known data. 



8. A frequency tracking loop in accordance with claim 1 or claim 2, 
25 further comprising means for: 

(i) determining the type of burst of known data and the number of symbols 
making up the burst of known data; and 

(ii) supplying a control signal to the variable bandwidth filter setting the 
bandwidth of the filter in dependence on the number of symbols. 

30 

9. A receiver for a digital radio communications system, the receiver comprising 
a frequency tracking loop in accordance with any previous claim. 
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10- A mobile- or a portable radio, or a mobile telephone, comprising a receiver in 
accordance with claim 9. 

5 11 . A methodftof frequency^tracking for a digital^radio communications^system, 
the ^method of frequency tracking comprising: 

(i) in a means for correcting frequency offset, receiving an input radio signal 
comprising bursts of known data; 

(ii) estimating the frequency offset of the output signal from the means for 
10 correcting frequency offset, to provide an estimate of frequency offset; 

(iii) filtering the estimate of frequency offset with a variable filtering bandwidth, to 
provide a filtered signal; 

(iv) generating a signal having a frequency dependent on the filtered signal, to 
provider generatedwsignal; 

15 (v) correcting the freque ncy of the input radio signal in the means for correcting 
f requgjaj^^ generated signal; Vn 

wherein the%yariable^il^ of 
the eunrently^eG^iyfcd^ 

20 1 2. A method^ of frequency tracking^ accordance wittoiclaim 1 1 , 

further comprising changing the bandwidth of the variable bandwidth filtering in 
dependence on the length of the currently received burst of known data. 

13. A method of frequency tracking in accordance with claim 1 1 or claim 12, 
25 further comprising providing variable bandwidth filtering with a relatively wide 
bandwidth on receiving a long burst of known data, and providing variable 
bandwidth filtering with a relatively narrow bandwidth on receiving a short burst 
of knowrHdata. 

30 * 1 4-2-A fiiethod-of frequency tracking in aGGOfdamee*with*any*of*oIaimsMl 1-13, 
furthePGomprising providing the variable bandwidth^filter with a bandwidth 
proportional to the length of the currently received burst of known data. 
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1 5. A frequency tracking loop for a digital radio communications system 
substantially as hereinbefore described with reference to, or as illustrated by, 
figure 2 of the drawings. 
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Abstract 



Frequency Tracking Loop and Method of Frequency Tracking. 

The*invemtion comprises a frequency*traeking loop and method* of frequency 
tracking^fora digital»rad*o communication& system; The invention also extends to 
a digital radio communications receiver which comprises a frequency tracking 
loop in accordance with the invention, and a mobile- or a portable radio, or a 
5 mobile telephone, comprising such a receiver. 

The frequency tracking loop (100) comprises: a mixer (122) for correcting 
frequency offset of an input radio signal comprising bursts of known data; a 
frequency offset estimator (134), for providing an estimate of frequency offset; a 

10 variable bandwidth^filter *(1 42), for providing a filtered^signal^an oscillator (146) 
forsupplying the second input of the mixer with a signal whose frequency 
depends on the filtered sigrjal; the frequency tracking loopJIOO) is adapted to 
change the*bandwidthtof the variably on at 

least one characteristic of the*currently#received btirst*of*known data. The 

15 frequency tracking loop (100) may^be^adapted^to change4he bandwidth of the 
vaniable*bandwidth filter (1 42) jn dependence on the-length*of the currently 
received burst of knowr data. The burst of data may be a training sequence. 

The frequency tracking loop and method provide optimum bandwidth for tracking 
20 a radio signal which may suffer variable offsets from a nominal frequency value. 



Figure 2 
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